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PREFACE

The testing described in this report was conducted to better define
the operational parameters associated with air microclimate cooling.
Measurements of the power required for a heated manikin to maintain a set
surfage temperature were made while the conditions of the cooling air were
varied,

Data of this nature benefits those involved in both the design of
cooling garments and the design of the equipment used to provide the
cooling. .

The research was carried out with funding provided by the U.S. Army
Aviation Systems Command, PRON EJ6-ET094-01-EJRG, dated 9Dec86; Natick
R,D&E Center (NRDEC) Program Element No. 694000. The work was conducted
on the heated manikin owned by the U.S. Navy Clothing and Textile Research
Facility (NCTRF), Natick, MA 01760, MIPR Matick 87-~190.

The authors wish to acknowledge Mr. Joseph Giblo (NCTRF) and Mr.
Bruce Rosen (NRDEC) for their assistance in this project.
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THE EFFECTS OF DIFFERENT COMBINATIONS OF INLET AIR CONDITIONS
USED FOR COOLING AS MEASURED ON A HEATED MANIKIN

INTRODUCTION

The requirement for microclimate cooling for soldiers wearing
chemical-biological protective gear has been documented in many reports in
the last decade (Ref. 1,2). On the basis of these studies, cooling
systems are now finding thei:r way into the field. Designing portable or
vehicle mounted microclimate units involves a trade-off between
power/mass/volune constraint. and cooling requirements. The former are
fixed by the vehicle type and the mission scenarios. The latter are
governed by the operational environment, work cycles and crew size.

To assist the equipment designer, information regarding the
capabilities and limitations of the mode of cooling (air or liquid) and of
the garments being used must he made available, Static measurements on a
heated manikin, though not fully representative of a man in the field can
provide some baseline data around which system calculatjons can be made,
To this end, a series of triala were conducted on a "sweating®, heated
manikin. Air cooling was the mode investigated using combinations of dry
bulb temperature, dew point and flow rate of the inlet air.

The effort was funded by U.S. Army Aviation Systems Command
(AVSCOM) . The tests were run at the Navy Clothing and Textile Research
Facility (NCTRF) in Natick, Massachusetts from December 1986 through
January 1987.

EXPERIMENTAL METHOD

The heated manikin was divided into ten separate regions ~ torso,
arms (2), legs (2), fee: (2), hands (2), and head. The torso had a
maximum power input of 1,840 Btu-hr™ (540 W) (1 W = 1 J-sec™ '), the arms
and head had limits of 307 Btu-hr=* (90 W). The surface of the manikin
was maintained at 95°F (35°C).

The manikin was covered with a "sweating skin"™ consisting of
capillary tubing sewn intc a cotton suit covering the entire manikin. The
tubing was configured into six parallel circuits defining six body
regions: head, torso, right and left arms, and right and left legs. The
flow of vater into each region was independent of the other five .egions.




8ix netering pumps allow for this control. The total flow rate was 0.32
gal-hr™ (1.2x10°% a® hr°'), This value vas representative of sweat rates
measured during air miocroclimate teats with human subjects (Ref. 3).

Water was distributed as follows: fifty percent to the torso, twenty-five
percent to the legs, fifteen percent to the arms and ten percent to the
head. Again, these numbders reflect the approximate distridbution in
humans. The temperature of the water was kept at 95°F (35°C).

The clothing ensemble consisted of the air vest, the Airorevw Uniform,
Integrated Battlefield (AUIB), the MU3 face mask, the Aircrew Integrated
Helmet System (AIBRS), or HGU56, and the airorew body armor. Butyl rubber
gloves and boots were also worn. The air vest (Fig. 1) distributed air
over the torso to the chest, neck, and back in a 7:3310 ratio. The Mi3
mask (Fig. 2) was designed to divert a portion of the air supplied to the
noseoup up and over the tcp of the head.

The air delivery unit was mounted orn wheels and drew air from the
test chamber, cooled the air to the desired dew point, and then reheated
the air to the required dry buldb temperature. Flow rate was controlled by
a ball valve downatream of the conditioning unit.

Thirty-two sets of inlet air conditions were used. Four dew points -
60, 65, 70, and 75°F (16, 18, 21, and 24°C); two dry buldb temperatures -
80 and 90°F (27 and 32 C); lastly fcur flow rates - 15, 12, 9, and U4 ft’
min-' (eofm) (0.%2, 0.34, 0.25, and 0.11 m?.min™' ) (Fig. 3). Air was
directed only to the head during the 4 ofm conditions, simulating the use
of the blower unit designed for the MU3 facepieca. The higher flow rates
were split by a Y-connector, sending 3 cfm (0.08 m®’. min™ ) to the head and
the remainder to the torso via the air vest. Environmental oconditions in
the test chamber were set to provide a wet bulb globe temperature (WBGT)
of 105°F (40.6°C) representing conditions in a helicopter cockpit
(Appendix A). 1Inlet air dry bulp temperature was measured by placing a
Type T thermocoupls at the entrance to the Y-connector. At the same
location, an air sample was drawn to obtain a dew point reading on a
General Eastern Model 1100 chilled-mirror hygrometer. In an attempt to
determine the dew point of the air exiting the ensemble, a sample was also
drawvn from an opening in the AUIB at the side of the torso.

Each test run was terminated when the power level supplied to the
torso region of the manikin had leveled off for a period of at least one
hour after the inlet air conditions were changed.

After colleztion of the data, a multifactor analysis of variance
(ANOVA) and Duncan s multiple range test were performed to determine any
significant effects between the main factors and any interactions of the
nain factors.




Figure 1. The microclimate air vest.

Figure 2. The M43 facemask.
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Figure 3. Thermal manikin study — test matrix.
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RESULTS

in thirty-one of the thirty-two sets of experimental conditions, the
only manikin regions requiring an input of power, i.e. those that received
cooling, were the torso, head, and arms. For one set of conditions,
60/90/15*, a small amount of cooling was also recorded in the legs. The
cooling values for all the test runs are presented in Figs. 4-7. Among
the eight air conditions the values fall in line with the relative cooling
potentials (Appendix B). Within each dew point/dry bulb combination, the
15 cfm gooling values @id not all exceed the 12 cfm levels as would be
expected.

Statistical analysis:

: 65 60 70 75
Dew Point (DP) means - 113.0 112.8 104.3 8l.4
80 90
Dry Bulb (DB) means - 113.5 92.3
12 9 15
Flow Rate (FR) means - 112.9 101.5 94.3
analysis of variance -
Source degrees of mean scjuare F value standard
freedom error
Between DPs 3 1333.5 12.4»* 6.0
Between DBs 1l 2690.3 25 .0%* 10.4
Between FRsS 2 700.4 6.5%rn 7.3
Error 6 107 .4

The standard errors multiplied by the significant Studentized ranges
for each sample size, yield the shortest significant range, Rp, by which
the differences between the means are judged.

For DP - p: 2 3 4
Rp: 20.8% 21.5 21.8
For DB - P 2
Rp: 36.0
For FR - p: 2 3
Rp: 25.3 26.1

* test conditions will be referred to in this format - dew point/dry bulb
temperature/flow rate - for each set of air conditions

*k { vaiue at 99% confidence level; *** F value at 95% confidence
eve
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To declare two means to be 3ignificantly different, they must differ
by a value at least as large as the Rp calculated for the number of
intervals separating tham, Por example, dew points 65 ard 70 are two
intervals apart when their means are ranked in descending order as above.
Therefore, they must differ by at least 21.5 to be declared significantly
different; they do not.

Prom a likewise comparison of the remairing means, the only
significant difference is found between a dew point of 75 and each of the
other three dew points, To facilitate the determinations, those means
which are NOT considered different from each other are underlined. All
evaluations are at the 5% level.

A similar analysis of the interactions between the main factors
indicated a significance only for the dew point/flow rate combination;
aiso at the 5% level.

The analysis failed to find the significant differences predicted by
the F values that were calculated,

The cooling levels measured represented about 35% of the theoretical
maximum values., Since the air exiting through the neck holes of the vest
is directed upward (above the dividing line between the torso and the head
of the manikin), any cooling achieved from that air would have shown up in
the head values, not in those of the torso or arms., For this reason, the
calculations used to determine the actual to theoretical ratios (or &
efficiency), used air flows equal to 85% of the air entering the vest and
used power values equal to the sum of the torso and arms. A sample
calculation is presented below.

condition: 65/90/12

maximum theoretical cooling (App. B): 34 W-cfm™'

total air flow: 12 cfm

air flow to mask: 3 cfm

fraction of vest air flow to neck: 0.15

air distributed to torso and arms: (12 - 3) x (1 - 0.15) = 7,65 cfm
measured cooling to torso and arms (Fig. B.l): 96 W

96 W / 7.65 cfm = 12.5 W-cfm"!

12.5 / 34 x 100 = 36.8%

air distributed to head: 3 + (9 x 0.15) = 4.35 cfm

measured cooling to head: 12 W

12 W/ 4.35 cfm = 2,76 Wecfm™'

2.76 / 34 x 100 = 8.1% )

It should be noted that for condition 29 set (75/90/15) a power level
of 0 Btu-hr™' (0 W) was measured at the right arm and head. vValues in
this instance were estimated from the other data.

The attempt to determine the saturation level of the air exiting the
AUIB produced unreliable results that bore no resemblence to the measured

cooling values. A different method needs to be devised for future
studies.

)
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DISCUSSION

The results presented above offer insight for those individuals developing
alorcclimate cooling systems. Throughout this discussion it must be kept in mind that
ouly one measuremsnt wvas made at eaoch set of conditions. Although steady state was
achieved before a changs was effected, the reported value may or may not represent the
true mecn of a normally distributed population of oooling values. Such a determination
would require a much more extensive effort. The extra data oollected may also remove
the mmbiguities of the statistical analysis. The assumption that the oolleocted data do
repretent mean values, will however, be made for the purpose of disoussion.

Based on the data, the air vest provided an average of 26% of the theoretiocal
maximm cooling. The ocalculated efficiency of the air distributed over the torsoc alone
(negleoting the air exiting at the neck and the air split off to the Mi3) was found to
be 38%. These figures highlight the relative ocapabilities of torso versus head
oooling.

While these percentages will probably te increased in future iterations of the
oooling garsent, the current design is adequate for many situations. In the case of an
aviator working at 580 Btuchr~' (170 W) for 2 /2 hours and receiving air at 70/80/12
(conditicn 10), the following calculation could be madet

170 W - 123 W = 847 W = 160 Btu-hr™ (rate of heat storage)
160 Btuchr™' x 2.5 hr = 400 Btu (heat. storage for mission)
400 Btu / 0.85% Btu/lbm"*. °F~'/ 160 1tm = 2.9°F (1.6°C)

A 1.6 C core temperature rise should prove to be acceptable.

Analysis of the data showed that the cooling achieved in the torso and arms
acoounted for an average of 35% of the total cooling. Where a separate breathing air
supply is available, as in the case of the MU3 with its dedicated blower unit, it may
be more efficacious to deliver all of the conditioned air to the vest and to use the
M43 blower as a facepiace supply. However, the feeling of cool air on the face and in
the lungs has a psychological benefit that to date has proved unquantifiable.

The lower than expected values recorded at five of the 15 cfm flow rates may be a
result of redressing the manikin before that set of .runs was made (chamber scheduling
made this unavoidable). However, since three of the runs do show increased levels of
oooling compared to 12 cfm, this cannot be the sole explanation.

The design of the MU3 facepiece, with the capability to distribute air over the
head, and in oconjunction with the HGUS56, does allow for some uoling to take place in
this area. The amount of air that gets diverted from the nosecup to the top of the
head wvas not measured. This may be a variable worth investigatiag for future
iterations of the mask.

The data also point out the need for a more thorough investigation of the heat
tranasfer and fluid flow parameters governing the system. The geometry, flow patterns,
and driving forces within the closed system need to be examined individually and in
concert. to properly recommend a second generation garment design.

® an approximation of the heat capacity, Cp, of the body
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APPENDIX A

Environmental conditions




APPENDIX A

The average environmental conditions were:

dew point(DP) - 93.521.4°F* dAry buldb (DB) = 122.421.0°F
34.2:0.8°C tenperature 50.2: 0.6°C

globe temperature(GT) - 140.4 2 3.1°PF WBGT - 10%5.8: 1.4°F
60.2:1.7°C 41.0+0.8°C

The WBGT is calculated as follows:
WBGT = (0.7 x DP) + (0.1 x DB) + (0.2 x GT)

The wet bulb globe temperature, WBGT, is a parameter that attempts to
relate, in one numbeir, the combined effects of dry bulb temperature,
humidity and radiation. When using this number it must be kept in mind
that an infinite number of combinations of DP, DB, and GT can result in
the same WBGT and that not all of the combinations present the same danger
from heat stress,

* Numbers shown are mean : standard deviation

14
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Theoretical cooling derivation
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APPENDIX B

Maximun theoretical cooling is defined here as that level of heat
removal achieved when the air exiting the garment has been raised to skin
temper: ire and saturated., Of course, this is a value that can never be
quite rrached. To 40 #0 would require either the residence time of the
air within the garment approach 1ntinit{ or the surface are: available for
heat exchange (the body) approach infinity. The parameter doces however,

; describe a limit next to which the return on investment of design effort
: can be gauged.

The BASIC program written to tabulate maximum theoretical cooling is
called TABLE (Appendix C). The heart of the program lies between lines
800 and 1110. It is here that the enthalpy levels of the inlet and exit
air are calculated, based on the conditions initially entered by the
user. First, the Antoine equation is applied to determine the vapor
pressure (Pw) at the dew point (lines 830 and 1060). The value returned
has units of mm Hg (1 me Hg = 133.3 N-m™ )., The humidity ratio (W) is
found next (lines 840 snd 1070). It is the ratio of the mass of water to
the mass of air. The term is dimensionless. The enthalpies are then
found by a correlation given in Ref. 4. The terms of the equation

" represent the specific enthalpiss of dty air and water vapor (lines 850
and 1080). The units used are Btu.lbm~' (1 Btu-lbm™ = 2,321 J-kg™').

The density of the air is determined based on the dry bulb
temperature of the inlet air. The egquation (line 1090), though a relation
for the Ary air density (Ref. 5), differs by less than 1% from the value
for moist air in the worat case. The density is given in units of lbm-
££72 (1 1om-£ft"3 = 0.013 kg-m»? ). The last two lines of the section (1100
and 112¢) calculate the deita enthalpy and convert the output to W-ft'3 ,

Table C-1 is the output of TABLE when run with the following user
input - exit air conditions of 95°F dry bulb temperature and 95°F dew
point, ialet air dew point range of 60 to 80°F, and inlet air dry bulb
temperature range of 60 to 100°F.

The measured cooling values for the torso and both arms were combined
to allow for calculation of the efficiency of the air distributed to the
chest and the back (Fig. B-1). The air flow rate used was the total flow
minus 3 cfm (which is split off to the mask) multiplied by 0.85 to account
for the air exiting the neck holes. Only this quantity of air and only
the power levels of the torso and arms were used because this is the
region where 95% of the cooling took place (by comparison of Figs. 4 and

7) and is also the zrea where improvements in design can be most readily
be effected.

Following the procedure outlined in the sample calculation in the
RESULTS section and averaging tha values for 15, 12, and 9 cfm for each

DP/DB pair, the ratios of measured-to-maximum cooling values are as
follows:

Dp/DB - 60/80 65/80 70/80 75/80 60/90 65/90 70/90 75/90
ratio - 0.34 0.31 0.36 0.35 0.38 0.35 0.30 0.33

average efficiency - 34%
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APPENDIX C

Listing of the computer program TABLE used

to calculate the cooling potential of air
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. 1AL OF AIR."

! this program is called TABLE

-the first section of the program instructs the user roqardtng
! the data required for input

60' " PRINT “THI8 PROGRAM WILL PRINT QUT A TABLE OF VALUES OF THE COOLING POTENT

70 PRINT » *

80 PRINT "YOU WILL BE ASKED TO INPUT THE EXIT AIR CONDITIONS (DEW POINT AND D
RY BULE TEMP-ERATURE) AND THE RANGE OF"

0 PRINT "INLET AIR CONDITIONS YOU ARE INTERESTED IN."

100 _PRINT * "

110 PRINT "VALUES ENTERED IN THIS PROGRAM MUST BE IN FAHRENHEIT DESREES."
120 WAIT 10

130 PRINT "TYPE IN THE DRY BULB TEMPERATURE OF THE EXIT AIR AND PRESE ENTER"
140 INPUT Db2

150  PRINT "TYPE IN THE DEW FOINT OF THE EXIT AIR AND PRESS ENTER" .

160  INFUT Dp2 )
170 FOR Q=1 TO S

180 PRINT "

190 NEXT @

Z00 FRINT “CHOOSE THE RANGE (1 QR 2) OF THE INLET AIR DEW ROINTS YOU APE INTER
ESTED IN - 1) 60 - 80 3 2) BG - 100 THEN FRESS ENTER" "
210 INFUT €

220 PRINT * * -

230  PRINT "CHOOSE THE RANGE (1 OR 2) OF THE INLET AIR DRY PULE TEMPERATURES YO
U ARE INTER-ESTED IN = 1) &0 = 100 3 2) &0 ~ 120 THEM PRESS ENTER"

240 INPUT F

250  FRINT " *

260  PRINT " °

270 FRINT * *

280  PRINT » »

290 PRINT “THIS IS A TABLE OF VALUES OF THE COOLING POTENTIAL OF AIR. THE HOR
I1ZONTAL AXI5 IS THE DEW POINT DOF THE INLET AIR. THE VERTICAL AXIS IS THE DRY"
300 PRINT “BULB TEMPERATURE OF THE INLET AIR. BOTH TEMPERATURES ARE IN DEGREES
FAHRENHEIT. THE VALUES IN THE TABLE REPRESENT THE COOLING POTENTIAL OF THE AIR."
310 PRINT "THE UNITS ARE WATTS PER CURIC FOOT PER MINUTE (W/#t~3/min)."

320 PRINT * "

330 PRINT "(TO CONVERT TEMPERATURES.TO DEGREES CELSIUS, SUBTRACT 32 AND DIVIDE
BY 1.8)" )

40 PRINT *(TO CONVERT POTEWNTIALS TO W/m"3/min, MULTIPLY THE VALUES BY 0.028)"
350 PRINT " "

360 PRINY "THE VALUES REPRESENT THE DIFFERENCE IN ENTHALPY BETWEEN THE AIR ENT
ERING THE BARMENT AND THE AIR EXITING THE GARMENT. MAXIMUM COOLING IS"

370 PRINT “THEORETICALLY ACHIEVED WHEN THE QUTLET AIR IS SATURATED AND AT A TE
MPERATURE EQUAL TO THAT OF THE 8KIN."

380 PRINT "FOR THESE CALCULATIONS, EXIT TEMPERATURE WAS TAKEN TO BE";Db2j;“"DEGR
£Z8 FAHRENHEIT. THE DEW POINT OF THE EXIT AIR 1S“;Dp2;"DEBREES FAMRENHEIT."

I20 PRINT = *

400 PRINT "FOR CONVIUNIENCE, ASTERIKS HAVE BEEN PLACED AT TEN DEGREE INTERVALS

410  WaIT &0 . : ' .
420 PRINT = ™

dew point and initialize Dp

430 PRINT ™ . '
440! ! {
450! ! '
4460 IF E=1 THEN - H
A70 Dp=359 ' determine the starting
480 ELSE '

)

490 Dp=79
500 END IF
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- 51011}
1

S20!!!
530 —PRINT USING “35X,22A,/"$"DEW POINT (DEBREEB Fy" ! label for columns
40 PRINT USING ”14!,0”
880 R=1 MOD 10
S60 IF R=1 OR R=2 THEN GOTO 730 L
S70 DIM Y(62,22) !
seo ¥Y{1,1)=0 ' .
590 FOR J={ TO 22 STEP 1 '
600 IF J=1 THEN GOTO 750 '
610 Y(1,J:=Dp+1 !
&20 . Dp=Y¥Y(1,2) ' print out top row
430 IF J=2 THEN BOTO 730 ' :
640 IF J=11 THEN BOTO 730 H of table
&50 IF J=12 THEN GOTO 730 '
660 IF J=21 THEN GOTO 730 ! i.e. column headings
670 IF Dp<100 THEN BOTO 700 !
680 PRINT USING "3D,#"3Y(1,d) '
690 6070 740 !
700 IF J=22 THEN GOTD 730 !
710 FRINT USING "DD,/X,#"3Y(1,J) !
720 . IF J>1 THEN GOTO 760 . !
T 730 PRINT USING "DD,A,#"3Y(1,J),"¥%" !
740 GOTO 760 !
750 PRINT USING "XX,A,%"'3"%" !
760 NEXT J H
770 FRINT * eI R S Ste etv st atesstsisistsssssesivesissas)
ERARERERRRERR" '
780!}
790! 1
800 A=, 10745 '
a10 B=17%50.286 ! constants for Antoine equation
820 C=235%5.0 H
830 Pw2=10"(A—(B/ (C+ ((Dp2-32)/1.8)))) ! Antoine equatian
840 W2, 621988 (PW2/ (760-Pw2)) ! humidity ratio
850 H2= (,240%Db2) + (W2% {10461+ (. 4438D0h2))) ! exit air enthalpy
860 !
870 ! .
880 1IF F=1 THEN G=42 ! set the humber
g9 1F F=2 THEN G=é2 ! of rows
Q00 Db=59 ! initialize dry bulb temperature
Q10 ! '
920 !' start loop for rows
930 !
940 FOR I=2 TO G STEP 1
930 PRINT USING “13X,#"
940 Db=Db+1
®70 IF E=1 THEN H
980 Dp=39 H re-determine the starting
9950 ELBE !
1000 Dp=79 ! dew point
1010 END IF ' .
1020 FOR J=2 TD 22 STEP 1 ‘* start loocp for columns
1030 Dp=Dp+1
1040 T=(Db-32)/1.8
1050!!
1060 Pwmi0~(A—(B/ (C+((Dp-32)/1.8)))) ¢ Antoine equation
1070 Wa, 621982 (Pw/ (7640-Pw)) . ! humidity ratio
1080 Him(,2408Dbh) + (W& (1061+(.444%Db))) ' inlet air enthalpy
1090 Rho= (1.29298 (273, 13/7(T+273.13)))%.062305 ! inlet air density
1100 Delh=H2-H1

! delta enthalpy
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H_‘_-}};g'! .Wefm=Del h3Rhot. 29312460 ! theoretical maximun cooling
11300
1ra0T” rnmaind-r of the program is output foraatting
1150 IF J>2 THEN 60TO 1210
1160 Y{(1,1)=Db i
1170 1F 1<42 THEN GOTO 1200 :
1180 PRINT USING "3D,AR,8"3Y(I,1),"s" .
1190 GOTO 1210
1200 PRINT USING "DD,AA,8#“3Y(I,1),"ax"
1210 Y(1,0)=Wcém
1220 IF Y¥(1,J)>0 TREN GOTO 1240
1230 Y(1,J)=ARS(Y(1,d))
1240 IF J=2 THEN GQOTO 1300 *
1250 R=1 MOD 10
1260 IF R=1 OR R=2 THEN GOTO 1300
1270 IF Dp>Db THEN GOTO 1350 ,
1280 PRINT USING “DD, X, #"3Y(I,d)
1290 IF J>=2 THEN GOTO 1340 ’
1300 IF Dp>Db THEN GOTO 1330
1310 PRINT USING "DD,A,#";Y(I,J3),"x"
1320 IF J>=2 THEN GOTO 13460
1330 PRINT USING "XX,A,#";"x"
1340 IF J>»=2 THEN GOTO 1340
1350 PRINT USING "3X,#"
1360 NEXT J
1370 IF I=2 THEN GOTD 14%0
1380 R=1 MOD 10
1390 IF R=1 DR R=2 THEN GOTO 1450
1400 IF I=14 THEN GQTO 1470
1419 IF I=18 THEN GOTO 1490
1420 IF I=20 THEN GOTO 1510
1430 PRINT USING "13X,2R,2X,A, 26X, A, 2X, A, 26X, A, 2X, AT "EE", ngh wgn uga ngu uy
"
144Q IF 1I>2 THEN GOTQO 1520
1450 PRINT ¢ ERERERRERKEARERERERXEREREREXAKRRERE X R ARRAAREKXRRX KX
1333323333222 0
14460 IF 1I>1 THEN GOTO 1520
1470 PRINT USING “4X,3A,8X,2A,2X,A,26X,A,2X,A,26X,A,2X,A"; "DRY", "§&", "g" vg"
’I.*ll."‘l!'"‘” ‘
1480 IF 1>1 THEN B0TO 1520
1490 PRINT USING “4X,4A,7X,2A,2X,A,26X,A,2X,A, 26X,A,2X,A"; "BULB", "S%", 8", "¢
II’II‘II,II‘II’“‘II -
1500 IF I>% THEN GOTD 1520
1510 PRINT USING "X,11A,3X,2A,2X%,A,25%X,A,2X,A,26X,A,2X,A"; " (DEGREES F)","&s%"
.n'u’u'n.n‘n.u'u'u'- . .
1520 NEXT I
1530 1IF E=2 THEN ' -
1540 PRINT » * '
18950 PRINT "NOTE: values below and to the right of a 0 are NEBATIVE and indi
cate a NET HEAT-INB effect"
1560 ELSE -
1870 80Ta 1590
1560 END IF
18S90 END
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Table C-1. Sample output of TABLE program.

.THIB PROGRAM WILL PRINT OUT A TABLE OF VALUES OF THE COOLING POTENTIAL OF AIR.

yaou HICC‘BE ASKED TO INPUT THE EXIT AIR CONDITIONS (DEW POINT AND DRY BULB TEMP-
ERATURE) AND THE RANGE OF

INLET AIR CONDITIONS YOU ARE INTERESTED IN.

VALUES ENTERED IN THIS ''ROGRAM MUST BE IN FhHéEHHEIT DEGREES.
TYPE IN THE DRY BULB TEMPERATURE OF THE EXIT AIR AND FPRESS ENTER
TYPE IN THE DEW POINT OF THE EXIT AIR AND PRESS ENTER

.

CHOOSE THE RANGE (1 OR 2) OF THE INLET AIR DEW POINTS YOU ARE INTERESTED IN -
1) 60 - 80 3 2) 80 - 100 THEN PRESS ENTER

CHOOSE THE RANGE (1 OR 2) OF THE INLET AIR DRY éULB TEMPERATUR " YOU ARE INTER-E
STED IN = 1) &0 - 100 3 2) &0 - 120 THEN PRESE ENTER -

THIS IS A TABLE OF VALUES OF THE COOLING POTENTIAL OF AIR. THE HORIZONTAL AXIS
IS THE DEW POINT OF THE INLET AIR. THE VERTICAL AXIS IS THE DRY

BULB TEMPERATURE 2F THE INLET AIR. BOTH TEMFERATURES ARE IN DEGREES FAHRENHEIT.
THE VALUES IN THE TABLE REPRESENT THE COOLING POTENTIAL OF THE AIR.

THE UNITS ARE WATTS PER CUBIC FOOT PER MINUTE (W/¢t~3/min).

(TO CONVERT TEMPERATURES TO DEGREES CELSIUS, SUBTRACT 32 AND DIVIDE BY 1.8)
(TO CONVERT POTENTIALS TO W/m"~3/min, MULTIPLY THE VALUES BY 0.028)

THE VALUES REPRESENT THE DIFFERENCE IN ENTHALPY BETWEEN THE AIR ENTERING THE
GARMENT AND THE AIR EXITING THE GARMENT. MAXIMUM COOLING 1S

THEORETICALLY ACHIEVED WHEN THE OUTLET AIR IS SATURATED AND AT A TEMPERATURE
EQUAL TO THAT OF THE SKIN.

FOR THESE CALCULATIONS, EXIT TEMPERATURE WAS TAKEN TO BE 9% DEGREES FAHRENHEIT.
THE DEW POINT OF THE EXIT AIR IS 95 DEGREES FAHRENHEIT.

FOR CONVIENIENCE, ASTERIKS HAVE BEEN éLACED AT TEN DEGREE INTERVALS.

DEW POINT (DEGREES F)

860861 42 63 b4 65 46 &7 68 &9970%71 72 73 74 75.76 77 78 79%80%
BEREABEEEERLERBELERASRSEARRARERAAAR XXX RKEE SRR AR RSB AR AR LS SR AL
403249 X % X % ¥ X ¢t % X % X % % % %X %X & %X z %

LRSI R LR 23 P 2ttt Rdtit e dieissss et sinspitosistitseistss]
618249848

s T x
625848348 47
s B
638240347 A7 Ab
L 3 S
6ARXABEAT7 AL AL AS
1§ S
GSKRATEAT 45 AT AS A4
% 3
64847844 AL AT A4 44 43
L.} I
G78R46%40 AT A4 A4 A3 A2 42
% 3 :

6BXRALEKAL AT A4 43 A 42 A1 Ay
re + - -

L4
L3

”» % w% »n »n
%" % N N N »n
”»
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.t 49ETATRASEAARAATASEA20420413408398 & & t & T &.8 % 3

. ll!‘ttttt!litltlttttttt!ltt‘ilttlltlttitlt!Iltllltttitt‘!l‘ltlt‘ttl

e 708RA5SA4SAARAIEATEA25412418408359238 ¢ ¢ & % ¢ & & ¢ % ¢

SEERRRERERBERRARRENRELALLRREBEREREERLLRERLR LSRR SRR R RER L RN RR ARG
71X54BE44 A3 A A2 42 A1 40 39 39 I8 37

st 8 t s : t s
728344844 A3 A2 42 41 40 40 39 38 37 37 36 '
sz $. 8 I
738844843 A3 42 41 A1 40 39 39 39 37 34 35 IS _
st 3 r x ' t 3
c 748343843 42 A2 41 40 40 39 3B 37 37 36 35 34 33
DRY st 8 2 s
752843242 42 A1 41 40 39 39 38 37 36 36 35 34 I3 32 :
3 t 1 t 3
762843542 41 A1 40 40 39 38 3I7 37 36 35 34 3II I3 32 31
BULB T r 1 t 2 '
778842842 41 40 40 39 38 38 37 36 36 35 34 I3 32 I1 30 29
£z 2 ox 8 r x
788242841 41 40 39 39 I8 37 37 I6 IT 34 I4 II 32 31 30 29 28
(DEGREES F) %% & r ' s

798541841 K30%4CATPATBKTILAT7ATORISLRISETLATIAIZAILIAZLAIORZ29%28X227% &

EEXRRRRERERXNRARAR R ERKEXERAEMRRNENRARERRRXRARRAREXERRREERBRERRRYN

BOK241840X404394IVRTBRI7AI7RIESRISATALIARITATI2AIL4T0U29% 280270268258

ERERAREBAERRXNNAERAAR KA RAR AR RN AKX R RN RN AR KRR RNERERERR AR R KR KRR RAR

B1¢%41340 40 39 3B 3B 37 TH T6 3T 34 3T 32 32 I TO 29 26 27 26 25
5 2 S r x

82%x40%40 29 I9 I8 3I7 I7 346 3T I4 34 IT 32 Tl 30 29 28 28 27 246 24
2 SIS x % L

BIXX40%3IF 39 I\ 3I7 37 I& IV IY 34 33 I2 32 31 IO 29 28 27 26 25 24
L 2 SN X J

BAXX40%39 IB 38 T7 36 36 35 34 34 33 32 31 30 I0 29 28 27 26 25 24
LI s s
BSX23I9%3I9 3B 37 I7 36 35 IS5 34 I3 32 I2 31 30 29 28 27 26 25 24 23

£ 2 t 3 K
BAXEIFAIB I\ I7 Io I6 3T 34 T4 33 I2 31 I1 30 29 20 27 26 25 24 23

3 B £ &
B78£38338 37 37 36 35 33 34 33 I3 32 31 30 29 26 28 27 26 25 24 23

TR . s 3 s s
B85X38837 37 36 36 I3 34, 34° I3 32 31 31 30 29 28 27 26 25 24 23 22

TR s t 3
98 ATBES7E3A83683A35ATA1ISAIZEI2431 130029429428827 8264258248 234228
EXERERRERKERAREERLRTRRRLEERARREASARRLTLRERRASELTAREIEXERERTLTRRRLS
FORAI7AI7EILAISEITATALIALIIEI2AI 141 $30827820527826826 8258248 235228
FEEEEIRARTARXNERTARARERAARREARERESARSEERIERERNRRXAESERAS AR EREREIRES
918437836 35 35 34 34 I3 I2 32 31 30 29 29 28 27 26 25 24 23 22 21

s 3 s s ‘ s 3
928836336 35 33 34 3T I3 32 31 31 30 29 28 27 27 26 25 24 23 22 21 .

s & s s s s
IISETLHATS I 34 34 3T I2 32 31 30 I0 29 28 27 26 25 24 24 23 22 21

s 3 s 3 'K
9A$23683Z I35 34 I3 IT 32 I1 31 30 29 20 28 27 26 25 24 23 22 21 20 .

5t 3 R s 8
9SEEIBEIS 34 34 I3 32 32 31 30 30 29 28 27 26 26 25 24 23 22 2120

st 8 . t s
964335834 34 33 I3 32 31 31 30 29 268 28 27 26 25 24 23 22 22 21 19

3 s s 8 s *
973835834 I3 I3 32 32 31 30 30 29 28 27 27 26 25 24 23 22 21 20 19

T t 3 *
988334534 I3 33 32 31 31 30 29 28 28 27 26 25 24 24 23 22 21 20 19

T ‘ 0t s
9924IAEITAITAI2AI24T1 ¥30XI08298 28827827826 825824823822821 52081981681
3 e T e e L T L T T e T T I T LY
100434$332I2832031831 K300 298284208271 26825825824 823822821 8204195184
R e e L L LT T e T

|

X

24

AR A A L LT A L S A T



